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Abstract
This narrative review revises the scientific evidence of recent years on healthy eating in children and adolescents, making sense of promising
avenues of action, from a food system perspective. A conceptual framework is provided to better understand how eating habits of children and
adolescents are shaped to identify key multisectoral approaches that should be implemented to promote healthier diets. The following
influencing factors are discussed: individual factors (physiological and psychological factors, food preferences and food literacy competencies),
factors within the personal and socio-cultural food environments, external food environments, and the supply chain. In each section, the main
barriers to healthy eating are briefly discussed focussing on how to overcome them. Finally, a discussion with recommendations of actions
is provided, anchored in scientific knowledge, and transferable to the general public, industry, and policymakers. We highlight that
multidisciplinary approaches are not enough, a systems approach, with a truly holistic view, is needed. Apart from introducing systemic changes,
a variety of interventions can be implemented at different levels to foster healthier diets in children through fostering healthier and more
sustainable food environments, facilitating pleasurable sensory experiences, increasing their food literacy, and enhancing their agency by
empowering them to make better food related decisions. Acknowledging children as unique individuals is required, through interpersonal
interactions, as well as their role in their environments. Actions should aim to enable children and adolescents as active participants within
sustainable food systems, to support healthier dietary behaviours that can be sustained throughout life, impacting health at a societal level.
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Introduction

The rise in childhood obesity, being overweight, nutrient
deficiency and the concomitant increase in associated non-
communicable diseases is an area of particular concern for health
authorities(1). Obesity during childhood and adolescence is a
complex phenomenon, metabolically driven by energy imbal-
ance, but resulting from a combination of multiple individual and
societal factors interacting (biological predisposition, socioeco-
nomic and environmental factors) within a structure that creates
the conditions that promote and perpetuate obesity(2,3). Children
need to eat varied balanced diets to be in good health, to prevent
the development of obesity, but just as importantly, to establish
healthy eating behaviours that are sustained in later life(4–8).

The determinants of eating habits are multiple, including
personal factors related to the individual (physiological factors
and phenotypes; e.g. satiety, sensory sensitivity and taste acuity,
psychological; e.g. emotions and psychological traits, prefer-
ences and food literacy competencies), as well as characteristics
of the food environments and food supply chains(9). Several
models and reviews have summarised the multiple factors
underlying food choices, which are differentially relevant to
adults and children of different age groups (for example, see
Leng et al. 2017(10) or Perez-Cueto, 2019(11)). More recently, the
need to go further than individual determinants, adopting a
system’s thinking to children and adolescents’ diets has been
stressed by both academia(9,12) and international organisations(13).
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Food systems can be defined as: ‘all the elements (environment,
people, inputs, processes, infrastructures, institutions, etc.) and
activities that relate to the production, processing, distribution,
preparation and consumption of food, and the output of these
activities, including socio-economic and environmental out-
comes’(14). Food systems thinking can be particularly useful to
decision makers for promoting health by recognising the
interconnectedness of food, the environment and human subject
health, in the design of policies and multi-level interventions(15),
for example through combined community-based, school-based
and family-based interventions.

The objective of this review is to describe promising
approaches, within a food system perspective, to foster healthy
eating in children and adolescents. A food system perspective
considers the entire food supply chain, from production to
consumption, and the economic, social and environmental
factors that shape food choices. Children and adolescents are
particularly vulnerable to unhealthy food environments due to
their limited decision-making power, exposure to advertising
and peer influences. Therefore, it is crucial to identify multilevel
evidence-based interventions that can promote access to healthy
foods, provide nutrition education and encourage healthy eating
habits to reduce the prevalence of diet-related diseases and
improve overall health outcomes in this population. We define
a healthy diet as per the WHO definition(16) (WHO, 2020),
focussing on the promotion of multiple parameters: encouraging
the consumption of fruits and vegetables, promoting food
reformulation (e.g. sugar reduction) and other strategies
discouraging the consumption of non-core foods (e.g. marketing
and labelling regulations). We give a summarised picture of the
food systems from the point of view of the child, to guide us
through the main influencing factors that will be discussed:
individual factors, factors within the personal and socio-cultural
food environments, and the influence of the external food
environments and the food supply chain. In each section, main
barriers will be briefly discussed focussing on how to overcome
them. Finally, a general discussion with recommendations is
provided. We focus mainly on preschoolers to adolescents, but
some references are given related to other developmental stages
when relevant to the discussion.

Rather than a systematic review, this narrative review is the
result of a collaboration within the European Union-funded
project Edulia (www.edulia.eu), that aimed to bring down
barriers to children’s healthy eating from an interdisciplinary
perspective, with a strong focus on training and capacity
building, generating numerous research papers and eleven PhD
theses. As such, the basis of this review is multiple literature
reviews, scientific workshops and discussions among research-
ers of different areas, that may be reflected in the selection of and
emphasis given to some of the main factors reviewed.

Children and adolescents as central actors in the food
system

A conceptual framework based on food systems (depicting the
relationship between the variables and mapping out how they
interact) can provide better understanding of how the eating

habits of children and adolescents are shaped, enabling the
identification of key multisectoral approaches that should be
implemented to promote healthier diets(9). Fox and Timmer
(2020) proposed a socio-ecological framework of the inter-
actions of children and adolescents with the food system,
highlighting that they are not a homogeneous group and that
age-specific characteristics will shape how they engage with the
system, as active agents(17). Socio-ecological models consider
the interplay of factors across all levels of health behaviour,
acknowledging the complexity of public health issues that
require a multi-level approach(18).

The Innocenti Framework for food systems and children’s
and adolescents’ diets(9) defines the elements of the food system
as the sum of the drivers (processes and structural factors),
determinants (processes and conditions), influencers (immedi-
ate and individual-level factors) and interactions. The Innocenti
Framework is composed of four determinants: food supply
chains, external food environments, personal food environ-
ments and behaviours of caregivers, children and adolescents.
The food environment comprises: ‘the physical, economic,
political and socio-cultural context in which consumers engage
with the food system to make their decisions about acquiring,
preparing and consuming food’(14).

In Fig. 1 we propose and adapt a framework, depicting how
the eating habits of children and adolescents are shaped by the
different components of the food system, with a focus on
children and adolescents as central participants. We start from
the definitions of the elements of the food system from the
Innocenti Framework, integrating some of the socio-ecological
model concepts from Fox and Timmer (2020)(17), further
differentiating amongst the types of food environments based
on the relation and influence that the child has as an active part of
the system.

External food environments, which the child has no to low
influence on, reflect aspects related to the availability of food in
the retail environment, food pricing and food marketing,
including the school food environment. Those aspects closer
to the child include personal food environments, which
comprise individual and household characteristics that deter-
mine access to food–household food availability, and the
interaction of children and adolescents within their family, but
also other close social actors like friends and teachers – as well
as broader social elements, namely the socio-cultural food
environments, including food culture, social norms about food
and social media, that further influence how children relate to
food. Personal and socio-cultural food environments closely
interact with and influence the child’s individual factors such as
food preferences and food literacy. Finally, the food supply
chains include the actors and activities related to food
production, storage, distribution, processing and packaging,
which also influence children and adolescents’ eating habits by
determining the characteristics of the foods available in the
marketplace.

At different developmental stages, factors will have different
weights in shaping children’s and adolescents’ preferences and
diets. At an early age, the personal food environments will
largely influence eating patterns through household food
availability and parental feeding practices(19). As children grow,
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external food environments, particularly the school food
environment and food marketing, will have a larger relative
importance on what and how children eat(20). Nevertheless, it
should be mentioned that external food environments (e.g.
access and availability in their area) and socio-cultural factors
may also influence preferences to some extent even at a young
age. The transition to late childhood and adolescence can bring
new challenges, with increased independence from parents and
stronger peer influences(19). Social media, food marketing and
influencers may increase the social pressure towards poor diets,
and an adolescent’s desire for agency and singularity may push
them further towards unhealthy diets(21).

It should also be highlighted that the food system is not
isolated, but interacts with other complex systems created by
humans, such as the economic system, the political system,
the health system and the social system, and also with the
natural system, in which all food-related activities are
embedded(22). These other systems will not be discussed in
depth in this article. However, this complexity stresses the
need to implement multi-level approaches, simultaneously
involving various components of the systems, including
community-level interventions, social marketing, education,
parental feeding practices and regulations to trigger changes
in the external food environments(23).

Empowering children as drivers of their own healthy
eating: individual factors

In this section we discuss different approaches to children and
adolescents’ individual factors, with a focus on aspects driving
food choices that may be modulated through interventions.
Firstly, we address physiological (e.g. sensory perception) and
psychological aspects (e.g. food neophobia) and strategies to
modulate food preferences (e.g. repeated exposure), high-
lighting the importance of pleasure to foster healthy eating.
Secondly, we address food knowledge (e.g. nutrition, food
combinations) and food literacy, highlighting the importance
of factual, relational, critical and functional competencies to
empower children as drivers of their own healthy eating.

Driving healthy eating through sensory pleasure

Sensory pleasure is the main driver of children’s food choices(7),
and it is therefore important to emphasise the hedonic aspect in
healthy foods to increase their intake. Our senses play an
indispensable role to perceive and respond to information about
our surroundings. Each sense (sight, smell, hearing, touch and
taste) provides different information which is processed and
combined by our brain to create a complete sensory picture.
Eating involves all our senses, which act in two important ways:

Fig. 1. Conceptual framework of children and adolescents as an active part of the food system
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on the one hand they can prevent us from eating potentially
harmful substances, and on the other hand they can stimulate
our appetite when a food looks appealing or smells good(24). The
stimulation of our senses is an important determinant of whether
we decide to eat and whether we enjoy eating the food or not.
However, the protective mechanisms of the senses can often
pose a barrier to children’s healthy eating due to the rejection of
unpleasant sensory properties(25,26).

To promote healthy eating in children it is important to
develop strategies to increase sensory pleasure as part of the
eating experience, including the emotions elicited by food
sensory properties(27). The research on emotions during food
experiences has expanded considerably in the last decade,
including the development of age-specific new methods to
assess emotions(28–30).

Some sensory properties may pose a barrier for children to
eat certain foods and were found to elicit negative emotional
responses. For example, bitter taste is innately rejected as it
signals that the food can be potentially harmful(25). Recent
research showed that sensory pleasure/displeasure in response
to food already starts at prenatal stage, as fetuses respond with
pleasant (carrot flavour/sweet taste) and unpleasant (kale
flavour/bitter taste) facial expressions to chemosensory infor-
mation conveyed by flavour/taste compounds in the maternal
diet(31). Furthermore, sensory pleasure from food is learned
during childhood through early eating experiences and
exposures(32). For instance, specific flavour exposure in utero
and post-natal exposure to a flavour through breastmilk have
been shown to increase the liking of a particular flavour later in
life(33). A further effective strategy to increase food acceptance
and food pleasure during childhood is repeated exposure, in
which children are exposed to a specific taste, flavour, texture or
food multiple times, gradually enhancing the pleasure that
derives from their consumption. Thus, children can learn to
develop pleasure from the sensory properties of foods even
when the food is initially disliked(34). Repeated exposure has
been shown to be a promising strategy to establish healthy eating
behaviour in children and could be applied both at home and
in school canteen settings. The simultaneous or sequential
presentation of food items has also been found to influence food
intake based on the principle of hedonic contrast(35). Regarding
simultaneous presentation, food stimuli are rated as less good
when presented together with very good context stimuli, than
when presented either alone or with a neutral context stimulus.
A practice to encourage vegetable consumption in school
children based on sequential presentation of food items includes
serving the fruit component (that is generally liked) after the rest
of the meal, not together with it(36). In fact, when fruit was served
together with less-liked vegetables (hedonic contrast) the
consumption of vegetables was lower, as children favoured
the fruit instead.

An increasing amount of research focusses on strategies to
increase the enjoyment of eating healthy foods and overcome
unpleasant sensory properties in children. Strategies to increase
healthier foods can be based on the reduction of “warning”
sensory properties, for example reducing bitterness and
astringency of vegetables by masking these sensations through
sensory interactions with other sensory properties in a dish or a

meal. Sweetness suppresses bitterness, and the mixture of
sweeter healthy ingredients (e.g. carrots, pumpkins and peas)
with more bitter vegetables may be used to promote the
acceptability of the latter. Studies on the development of
healthier food and meal solutions that profit from the sensory
interaction mechanisms are encouraged (further discussed in
Section 4·4). Added to this, as children differ widely in their
taste sensitivity and preferences(37), the development of tailor-
made food solutions is encouraged. For example, Ervina and
colleagues (2021) reported that sucrose addition is an efficient
suppressor of sourness and bitterness in preadolescents highly
sensitive to sweetness and poorly sensitive to sourness and
bitterness, but not in subjects with opposite responsiveness traits.

Furthermore, it has been demonstrated that children often
dislike the hard and rough texture of some vegetables (such as
broccoli or cauliflower), and that ‘hard-liker’ children eat
vegetables more frequently than ‘soft-likers’(26). These individual
differences may stem from different mouth behaviour groups
characterised in adults as ‘chewers’, ‘crunchers’, ‘smooshers’,
and ‘suckers’(38), or from mouth physiology groups based on
particle-size sensitivity, biting force, saliva flow rate and chewing
efficiency(39). Moreover, exposure to textures at a young age, such
as during weaning impacts oral physiology development and
acceptability of textures(40). It should also be noted that culinary
traditions across cultures may lead to differences in familiarity for
different textures (e.g. serving raw or cooked carrots)(26).

Individual differences among children go further than
sensory aspects. For example, food neophobia – a psychological
trait defined as the reluctance to eat new foods – decreases with
age but is higher in some children than others(41). Neophobia is
associated to lower liking and consumption of vegetables, fruits
and a variety of other foods(42) and reduced dietary variety,
representing a strong barrier to changing eating practices. For
instance, it has been shown that childrenwho have a lower liking
for tactile stimulation or tactile play are more likely to display
greater picky eating(43) and score higher in food neophobia(44).
Tactile exposure to food can thus be an effective strategy to
promote food acceptance and help to overcome neophobic
traits. Specific strategies should also be developed considering
food neophobia to develop products and meal solutions that
may be accepted by neophobic children.

Some studies have proposed strategies to increase children’s
vegetable consumption by considering the serving style(45)

and preparation method(46) to increase the appeal of sensory
properties of vegetables. Olsen et al. (2012) investigated serving
styles of raw snack vegetables and found that the shape and size
influenced the liking of vegetables; 9–12-year-old children
preferred having their vegetables cut in figures (compared with
slices and sticks), and when serving whole/chunk vegetables,
children preferred the ordinary size(45). Zeinstra et al. (2010)
found that Dutch children as well as young adults (4–8 years old,
11–12 years old and 18–25 years old) preferred boiled and
steamed vegetables over other preparation methods (mashed,
stir-fried, grilled and deep-fried)(46). Cutting vegetables in shapes
or changing the preparation method of healthy foods can be
relatively easily implemented by parents, caterers and producers
(e.g. food industry) alike. The preparation may require some
additional time, but it is a very cost-effective strategy.
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Boosting food knowledge and food literacy

Food knowledge and food literacy can potentially counteract
food rejections and allow informed decisions, supporting
autonomous healthy and sustainable food choices. It is therefore
important to build up these competencies in childhood. Food
rejections (food neophobia and picky/fussy eating) represent
one of themain psychological barriers to healthy eating in young
children from 3 to 6 years of age(41). Addressing barriers to
healthy eating in children requires determining the origin of
these food rejections or at least determining the factors that might
predict their intensity. Recent studies demonstrated that children
exhibiting intense food rejection were also characterised by
poorer conceptual knowledge about food(47). These studies
represented a turn in the way to tackle eating difficulties in
children, favouring the idea that food knowledgematters when it
comes to facilitating healthy eating in children. In a nutshell, the
more knowledgeable children are about food, the more willing
to widen their diet and consider healthier alternatives. This
motivated researchers to test an alternative way of designing
interventions aimed at fostering dietary variety, the so-called
knowledge-based food education programmes. These pro-
grammes do not seek behavioural change per se but aim instead
at improving the conceptual apparatus of young children, to
impact food behaviour and preferences positively and more
sustainably by providing new facts about food(48). These facts
present foods as a source of nutrients combined with causal/
biological explanations to help children to understand food
and body relationships(49). In so doing, proponents of these
interventions aim to tap into children’s naïve theories on
biology(50). Pickard et al. (2021) evidenced that a type of food
knowledge distinct from nutritional knowledge and knowledge
of food groups (e.g. fruits, vegetables, dairy, etc.) was related to
food rejection in young children(51). Indeed, children exhibiting
intense food rejection (especially neophobia) were charac-
terised by gaps in thematic and script knowledge. Thematic and
script knowledge are, respectively, the knowledge of conven-
tional or complementary food combinations (e.g. peanut butter
and jelly, soldiers and boiled egg, strawberries and cream), and
the knowledge of food-related contexts or events (e.g. breakfast,
dinner, Thanksgiving, Christmas)(52). The development of these
types of contextual knowledge is pivotal in the expression of food
preferences and food rejection in children. In other words, food
knowledge is not restricted to knowledge about food but embeds
knowledge of food associations, as well as knowledge of food-
related contexts or events which are highly culture-dependent.
Therefore, future knowledge-based food education programmes
should incorporate these contextual or cultural pieces of knowl-
edge to positively impact children’s diet. Such an analysis is
consistent with recent findings showing that onemajor obstacle to
adding nutritious alternatives to the breakfast repertoire lay in
children’s poor conception of what breakfast food should be(53).
Moreover, breakfast has been discussed as an unexplored
opportunity for increasing the total daily vegetable intake in
children, in the UK and other countries where vegetables are not
traditionally served for this meal(54).

Further to food knowledge, food literacy programmes
implemented in adolescents have typically targeted increased

practical cooking and/or food preparation skills, as well as
increased food safety and nutritional knowledge(55,56). Despite
reported evidence of positive outcomes, there is limited
evidence supporting an effect of food literacy interventions on
long-term dietary behaviours in adolescents. Recent literature
highlights food literacy as a wider concept than knowledge and
skills, encompassing the acquisition of relational (emotional and
cultural competencies to establish positive relationships with
food, including the ability to enjoy food), critical (information
and understanding) and functional competencies (knowledge,
food-related skills and abilities)(57). Thus, food literacy is an
important concept that acknowledges children and adolescents
as active participants in the food environment. It comprises the
competencies needed to make healthy and sustainable food
choices, as well as to act as drivers of change towards the
transformation of food systems. However, there is still scarce
literature addressing the long-term effect of increasing food
literacy in children and adolescents on health and diet-related
outcomes, representing a great opportunity for future research.

Supporting healthy diets within children’s personal and
socio-cultural food environments

This section discusses approaches that tap into children’s and
adolescents’ personal and social food environments, particularly
focussing on the interactionwithin their family (parents, siblings)
aswell as with other social actors, such as peerswithin the school
environment.

Strategies for parents to enhance healthier eating

The decisions that parents and family make regarding their
child’s eating environment, such as food availability, types and
amounts of food served, play a crucial role in shaping their
child’s eating habits and establishing a particular food culture
in the home, which can have a lasting impact on their child’s
lifelong eating behaviours. From a general socialisation
perspective, (i.e. the process of acquiring socially relevant
knowledge and skills to become a well-functioning member
of the society in which one is brought up), parents are
believed to be the primary and most important socialisation
agents(58). Furthermore, several studies have pointed to the
pivotal influence of parents in relation to food socialisation(59),
for learning consumption-related skills, attitudes and behav-
iours, including healthy eating behaviours(60,61). In the context
of the family, eating habits are established through repetitive
actions occurring at specific times, settings and with specific
environmental cues(62). This points to the importance of the
regularly occurring family meal for healthy eating social-
isation. Indeed, adolescents’ frequency of eating a family meal
has been associated with higher fruit and vegetable intake(63)

and higher nutritional quality in general(64).
There are several fundamental parental determinants of

eating behaviour, such as: parental attitudes (i.e. relatively
enduring evaluations that parents have towards parenting),
parenting food practices (i.e. the specific behaviours that parents
use when feeding their child(65,66)) and parenting feeding styles.
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Generally, parenting styles reflect the parents’ demandingness
(i.e. imposing structure and setting limits) and responsiveness
(i.e. supporting autonomy and adapting to the child’s cues) and
have been categorised into four patterns: authoritative (high
demandingness, high responsiveness), authoritarian (high
demandingness, low responsiveness), permissive (low demand-
ingness, high responsiveness) and neglectful (low demanding-
ness, low responsiveness), where the authoritative style has
been associated with greater positive dietary outcomes in the
long term(66,67). Such positive feeding styles include caregiver
responsiveness to children’s feeding cues, which refers to
providing prompt and developmentally appropriate responses
to hunger and satiety cues(68).

Parental feeding practices are strategies that parents use to
influence their children’s eating behaviours and food choices,
some desirable (e.g. structure and autonomy support) and others
undesirable (e.g. coercive practices), sometimes stemming from
the challenges parents face in achieving their desired goals for
their child’s eating habits and growth. These practices involve
controlling the quantity, type and timing of food intake and may
be employed by any caregiver responsible for feeding the child.
Feeding practices high in structure and autonomy support can
support children’s healthy eating. Structure-based food parent-
ing practices include for example feeding routines (e.g. family
meals) and the provision of foods (e.g. availability and
accessibility of healthy foods), whereas autonomy supportive
food parenting practices include encouraging healthy intake and
social modelling(66). Other positive parenting practices for
encouraging healthy eating habits include repeated brief tastings
of disliked or unfamiliar foods in a positive social context, using
non-food rewards such as tokens or verbal praise, and avoiding
excessive coercion or restriction while exerting positive control
over the availability and portion sizes of healthy foods. It has
been shown that the types of foods parents consume and make
available to their children predict their children’s eating patterns.
Both adult and peer models have been found to influence
children’s acceptance of novel foods or bitter vegetables,
indicating that social facilitation impacts children’s intake
patterns(69,70). Positive interpersonal interactions and communi-
cation during mealtimes have been associated with healthier
intake among children and adolescents(71). Restriction, use of
food rewards (e.g. sweets) or pressure to eat may work
effectively at meal level but are counterproductive over time
at dietary level as they may result in heightened preference for
the forbidden and reward foods, and lowered preference for the
compulsory foods(72). These strategies also lead to problematic
systemic changes such as eating in the absence of hunger and
inability to self-regulate appetite and diet. This may in turn
impact children’s adiposity. Parental control of a child’s diet
may lead to increased adiposity(65). Mothers who are worried
about their own weight tend to express concern about their
daughter’s weight and impose more dietary restrictions(73).
Parental recommendations should be in favour of preserving
children’s self-control abilities, as well as modelling good
habits(74). This includes mealtime patterns, food and beverage
choices, portion size, as well as favouring social interactions
and avoiding digital interactions while eating(75,76). Moreover,
results of a recent qualitative study showed that parents are

less aware of children’s self-control abilities for food intake
and thus grant them little autonomy for determining their own
food portion sizes(77). Encouraging children to eat based on
their natural sensations of hunger and fullness is crucial, and
parents can help guide this process. However, it is important
to avoid external pressures like rewards or large portion
sizes. To establish healthy eating habits for their child, parents
could be provided with alternative strategies like repeated
exposure, hedonic contrast, enhancing pleasure and role
modelling.

Tailoring nutritional recommendations and food-related
activities to support parents

Due to their crucial role, parents are placed at the centre of
actions and nutritional recommendations targeting childhood
obesity(78). In the first years of life, parents generally appreciate
that the child’s development is monitored by health care
professionals in child health centres(79). However, this appears
to change as the child grows older, as a few studies, especially in
the UK, have indicated. Parents of primary school-aged children
expressed concerns about the child weight monitoring system in
England, a surveillance programme aimed at identifying children
who are above what is considered a healthy BMI, to make
parents (and authorities) aware of this and offer support for
weight management. In discussions posted online, parents
argued that monitoring a child’s weight as part of the school
programme can be stigmatising and not an accurate measure
of overall health(80). This practice, in their view, may
contribute to body shaming and negative self-image among
children. Moreover, parents expressed feeling judged by
health authorities and targeted as the ‘sole to blame’ for a child
being overweight, a pattern also observed in other coun-
tries(81,82). Mothers in particular expressed experiencing stress
and anxiety induced by the difficulties in balancing nutrition
recommendations from health authorities with several other
family and life demands. Furthermore, in reaction to nutrition
advice considered ‘authoritarian’ and ‘judgmental’, parents
demonstrated an attitude change in the opposite direction
of that advocated, a ‘boomerang’ effect, also referred to as
‘reactance’(82).

Parents need support regarding how to behave in the feeding
context and they often look for information via different sources
(e.g. the internet, books, media)(83). The advancement of new
technologies, including the wide utilisation of social media and
forums, could lead to information overload(84). Parents can
experience that the available advice is inconsistent and even
contradictory(82,85). It is paramount to guide parents to boost
children’s healthy eating habits from an early age, which can be
done by providing the best updated advice and guidance. As
healthcare professionals are a widely used and trusted source
of information for parents(86), they could be placed as an
additional target group for those public health strategies aimed
at disseminating official recommendations. The current avail-
ability and nature of advice for different age groups of children
is inconsistent, with more information available to parents on
breastfeeding and weaning than feeding older children and
adolescents. For example, Porter et al. (2020) reviewed portion
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size guidelines for children aged 1–5 years in the UK and
identified significant variability in recommended serving sizes
for dairy, protein and starchy foods among different organ-
isations(87). This inconsistencymay create confusion andmistrust
among parents seeking reliable guidance. Considering that
mothers reported to already receive too much advice on feeding
and parenting(82), it is crucial that food and nutrition recom-
mendations are succinct, clear, consistent and delivered in a
non-judgmental manner.

Overall, nutrition counselling should respect the needs and
wants of each family individually and avoid top-down advice
that might be perceived as unattainable and threatening to
individual freedom(81,82). With regards to the family, the
involvement of fathers is paramount, due to their pivotal
influence on their family’s eating patterns(81,88) and because
their involvement can decrease maternal stress from being
solely responsible for the child’s health. Reaching out to and
involving fathers can, however, be challenging in this field. In
qualitative research, fathers expressed that they would prefer
to participate in family-based interventions (not individual)
and through online delivery due to time constraints(89). It is
crucial to recognise and take into account the unique differences
in parental feeding practices and styles, as well as the diverse
roles played by individuals such as mothers, fathers, grand-
parents (who also have a significant impact, as shown by
Jongenelis et al., 2021(90)) and other caregivers. For example,
Philippe et al. (2021a) found that both mothers and fathers’
feeding practices significantly predict children’s eating behav-
iours(91). Fathers reported using coercive practices more often
than mothers, which can lead to unfavourable eating behaviours
such as decreased enjoyment of food, increased pickiness and
eating in the absence of hunger. Coercive feeding practices were
also common among grandparents, who were reported to use
rewards, encourage frequent eating and large portion sizes(92).
Interventions aiming at improving children’s healthy eating
behaviours should thus consider the complexities of a child’s
environment and family dynamics.

Thus, successful strategies to increase the intake of healthy
foods in the family realm must respect individuals’ prior
knowledge, core values and autonomy, and include all family
members. As novel routes to this end, hands-on approaches to
explore the sensory, commensal and gastronomic aspects of
healthy foods, including food sensory play, picture book
reading (with images and stories of new and/or disliked
vegetables) and cooking sessions have shown promising
results. The success of such practices stems from the fact
(among others) that ludic activities, performed together as a
family enhance feelings of ‘food joy’ (in parents’ own words);
these strategies have shown to be particularly good for
targeting fathers, as increasing fathers’ sense of self-efficacy
towards cooking and tasting healthy foods has been shown as
a motivator for the whole family(93). Positive emotions are
indeed crucial to eating behaviour adoption, change and
maintenance; practical playful activities can be even more
effective as nutrition education. Shared food-related activities
appropriately framed and guided as informative, but also
ludic, have the potential to make healthy eating fun, enjoyable
and therefore sustainable over time(94).

The role of siblings in children’s healthy eating behaviour

From a systemic perspective, siblings belong to the same
influence level as parents, as do school and community(95). A
systematic literature review(96) revealed that, although siblings
are key actors in the family dynamics in which eating social-
isation takes place, the nature and importance of siblings’
influence within the family dynamics is understudied. One of the
rare studies on this topic examined the relative influence of
siblings, peers and parents on adolescents’ diet quality(97).
Regarding siblings, the study found that brother’s and sister’s diet
quality engagement (or perceived healthy eating, i.e. descriptive
norms, cf. Cialdini et al., 1991(98)) is important for the quality of
adolescents’ diets. The study also found that siblings’ encourage-
ment was related to adolescents’ diet quality, balance and
diversity components of the meal, although it concluded that
among family members, mothers were most influential.

Comparing friends’ and siblings’ influence, Rageliené and
Grønhøj (2021) concurred that sibling support for healthy eating
and eating more frequently with siblings were associated with
children’s consumption of vegetables, but age and number of
siblings were not(99). This study also suggested that socialisation
within the context of the family meal was the likely explanation
for these findings, suggesting that the importance of siblings
for children’s healthy eating may be a result of the positive
interaction, communication and social modelling processes
repeatedly taking place in the context of the family food
environment. For instance, older siblings were found to provide
their young siblings with encouragement for eating, which
suggests a reflection of maternal behaviour(100). Thus, family
meals are an important target for healthy eating interventions,
considering the importance of family members, including
siblings as a modelling influence for children’s healthy eating
socialisation.

Using the power of social norms to promote healthy
eating among peers and in school settings

Schools provide a widely used platform for reaching children
and adolescents across socio-economic classes within many
types of interventions. School meal programmes have a
longstanding history and can be considered the most common
type of interventionwhich can have strong short-term influences
on children’s consumption of calories and key nutrients(101). In
this context, eating becomes a social activity, where children
learn by observing the behaviour of peers. Many other
prevention programmes have also been conducted in schools
with school-aged children and adolescents. These usually target
a set of outcomes such as improving eating and exercise patterns
by combining multiple intervention components. In this, there is
an increasing plea for a ‘whole school’ approach that focusses on
all aspects of children’s health and wellbeing.

Social norm theories have often been used as a theoretical
point of departure for shaping children’s eating behaviour in a
school setting(102), where many children spend much time and
have lunch together with their peers. While ‘injunctive norms’
refer to what is perceived as ‘dos’ and ‘don’ts’ in a given culture,
‘descriptive norms’ refer to perceptions of how people
commonly act(98). Previous studies have indicated that both
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injunctive and descriptive peer norms can have a significant
influence on children’s food choices, taste preferences and
eating behaviour(103–106). This is not surprising since the social
influence of peers is believed to be important for framing
children’s eating behaviour and food preferences(107,108). Thus,
although parents continue to be central(109), peers gradually
increase in importance for children’s healthy eating social-
isation(96,110). However, Ragelienė and Grønhøj (2020b) found
that the feeling of belonging and the need for peer approval
predicted the actual intake of vegetables via injunctive but not
descriptive norms of healthy eating(111). These findings suggest
that interventions addressing aspects of children’s relationships
with peers and injunctive norms for healthy eating might be
helpful since peers’ social influence could improve healthy
eating behaviour(112).

Interventions implemented in a school setting should aim to
help children build social communication to build their level of
social self-efficacy and use the peer context to promote healthy
eating behaviour to create new and ‘healthy’ social norms for
eating(111). Successful school interventions that build on the idea
of social communication and healthy role models include the
FoodDudes programme inwhich children are exposed to heroic
peers enjoying healthy eating, and subsequently being served
healthy foods at lunchtime(113,114). Schools can effectively
promote healthy eating habits by not only providing nutritious
food and beverages but also by setting eating rules and
modelling positive eating behaviours by teachers and staff,
thereby implicitly reinforcing the social norm of healthy eating.

The importance of the external food environments and
the food supply chain

The external food environment, which refers to every oppor-
tunity to obtain food(115), is currently characterised by the
wide availability and affordability of energy dense and nutrient-
poor industrialised products which contribute to unhealthy
eating behaviours(12). During infancy and early childhood, the
external food environment indirectly influences children’s eating
behaviours through their caregivers, who are responsible for
food purchasing. In addition, food marketing has a direct
influence on children’s preferences, purchase requests and food
choices(116). The relevance of the external food environment
increases when children become adolescents, as they develop
cognitively and become more mobile, independent and increas-
ingly responsible for making their own purchase decisions using
their own money(117). Children’s autonomy gradually extends,
which results in increased food decision making beyond the
supervision of their parents or caregivers(118). Considering that
children and adolescents are particularly sensitive to reward(119–
121), their increasing independence may lead to more frequent
consumption of unhealthy foods. In addition, adolescents are
highly sensitive to social pressure(122). Adolescents’ desire to feel
accepted makes them more susceptible to social norms about
healthy eating(119,123), which may be exacerbated by food
marketing. This is particularly relevant considering that adoles-
cents are heavily targeted with unhealthy digital food marketing,
e.g. through social media(124).

This section presents different aspects of children and
adolescents’ external food environments, tapping into topics
such as environmental strategies that could promote healthy
choices, including nudging approaches and regulatory actions.
Food supply chain-based approaches are also reviewed, with a
focus on food production and the potential of food reformulation
actions as well as listening to children’s voices in product
development.

Changing food availability to nudge children and their
families towards better dietary choices

External food environments define food availability (i.e. whether
a food is available or not in a given context) and food
accessibility (i.e. whether individuals can have physical, social
and economic access to food)(125). For example, in Singapore a
survey of 9–16-year-olds and their parents found that having
more fruits and vegetables at home led to increased intention
to eat them, more enjoyment of eating them, and higher
consumption of these foods(126). Therefore, assuring availability
of and access to healthy foods is a pre-requisite for achieving
healthy eating habits in children and adolescents(127).

In addition, both adults and children are often unconsciously
influenced by the environment in their choices (such as the
availability of healthy snacks at the checkout or the conspic-
uousness of products on a shelf) and use simple decision
heuristics. Heuristics are mental shortcuts or simple ‘rules of
thumb’ to unconsciously or automatically arrive at satisfactory
solutions with minimal mental effort(128). While heuristics can
help speed up decision making, they also lead to biases and
errors in judgement(129). In the context of encouraging healthy
eating habits in children, heuristics can play a key role in shaping
their eating habits. To illustrate, children may use heuristics such
as ‘I dislike green vegetables’ or ‘I prefer brightly coloured fruits
and candy’ to guide their choices. To address these issues,
nudging has emerged as a popular intervention technique that
modifies the environment (commonly termed choice architec-
ture) in which people select food to guide them to healthier
choices, without relying on reasoning or restricting freedom
of choice(130).

By modifying the choice architecture, nudges strive to
encourage the selection of healthier options by making them
the socially acceptable, appealing or more convenient choice.
For example, this can be accomplished by minimising the
visibility of energy-rich snacks and drinks or enhancing the
appeal of fruits and vegetables to align with children’s heuristics.
One commonly mentioned example involves rearranging
healthy products on supermarket shelves to be more easily
accessible, typically at eye level. A comparable tactic was
employed in a study conducted at middle schools in the USA,
where relocated salad bars within the main serving line led to an
increase in consumption of fresh fruit and vegetables during
lunchtime compared with when salad bars were located outside
the line after the point of purchase(131). Also, children often react
positively to ‘fun appeals’ specially created for them through
packaging, cartoon images, shape, colour and language.
Although mainly used for marketing unhealthy products(132,133),
these design aspects have also been used in nudge interventions
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to stimulate healthier choices. For example, presenting whole
wheat bread in a fun shape (compared with a regular shape)
almost doubled consumption during a breakfast event at primary
schools(134). Sharps and colleagues (2020) employed pictorial
nudges of grapes and carrots on tableware to boost primary
school children’s intake of these nutritious foods(135). The grape
and carrot images likely increased their appeal and saliency,
potentially indicating an appropriate portion size. Another study
sought to nudge children in a restaurant towards healthier menu
items by highlighting healthy options on the children’s menu
with attractive descriptive names and the use of cartoon
characters. However, contrary to expectations, the modified
children’s menu did not lead to healthier orders comparedwith a
neutral control menu(136). The authors suggest that parent–child
social interactions are crucial in restaurant food-related deci-
sions, as they often decide together, making the nature of their
interaction significant. So, to effectively design interventions, it is
crucial to take into account the influence of both the food
environment and social interactions.

In general, meta-analyses and reviews of nudging studies
show mixed results with small effect sizes, with the impact of
nudging interventions dependent on the specific context, target
behaviour, and population (e.g. Cadario & Chandon, 2020(137)),
implying that further refinement and customisation of nudging
strategies may be needed to better address the needs of children.
Although the effect sizes of nudging interventions are typically
small, they can still have a positive impact. Furthermore, nudging
interventions are typically low-cost and easy to implement,
making them a practical option for promoting healthy behav-
iours in various settings, including homes, schools and public
spaces. For example, nudging tactics can also be applied by
parents or caretakers at home. This could involve rearranging the
placement of fruits and vegetables in the refrigerator or pantry
for better visibility and accessibility, using attractive ways of
serving the food, and positive reinforcement like praise or small
non-food-based rewards to encourage healthier food choices.

Regulating the marketing of energy-dense and
nutrient-poor foods

Food marketing is one of the key characteristics of modern food
systems that shape social norms regarding what products are
acceptable to be consumed in different life stages(14). It can be
defined as: ‘any communication that is designed to increase
the recognition, appeal, and/or consumption of particular
food products, brands and services’(138). Food marketers
spend significant budgets to target children and adolescents
due to their direct and indirect purchasing power (i.e. through
requests to caregivers)(139,140). Research has shown that most
food marketing targeted at children and adolescents, on both
traditional and new digital media, promote energy-dense
foods and beverages with a high content of sugar, fat and/or
sodium(116,138,141–143).

Exposure to marketing raises awareness about the existence
of specific brands and products, increases product recall and
recognition, creates positive attitudes and preference towards
the promoted products, and ultimately encourages purchase and
consumption of such products(144). Children and adolescents

are particularly vulnerable to food marketing given that their
choices are largely determined by immediate gratification(120).
Furthermore, children under the age of 8 years do not have the
cognitive ability to identify the persuasive nature of market-
ing(60,145). The new use of social media through children and
adolescent influencers adds to this complexity, with further
effects on shaping product preferences or increasing ‘pester
power’. By increasing levels of trust, because these influencers
are also ‘everyday people’, social media leads to a more
ambiguous separation of what is or is not marketing for both
children and caregivers. This can even make parents believe
consuming unhealthy products is more socially acceptable,
being promoted by videos with millions of views. Increasingly
worrisome is that this specific type of marketing is largely
understudied and underregulated(146).

A large body of evidence shows a negative association
between exposure to marketing of energy-dense nutrient-poor
foods and beverages, and diet quality in both children and
adolescents(116,138,147–149). For this reason, the implementation of
policies to reduce the impact of marketing of unhealthy foods
and beverages to children and adolescents has been identified as
one of the priorities for the prevention and control of non-
communicable diseases by the WHO (2013)(150). However,
worldwide the progress has been slow and only a handful of
countries have implemented mandatory regulations to restrict
marketing of unhealthy foods to children and adolescents(151).
Research has shown that such policies can be effective at
reducing the exposure to and power of marketing, which may
lead to a reduction in the purchases of unhealthy foods(152–157).
To date, Chile has the most comprehensive policy to reduce
unhealthy food marketing to children and adolescents(151). The
policy restricts marketing of foods and beverages with added
sugar, sodium and/or saturated fat that exceed nutrient thresh-
olds for calories, total sugars, saturated fat and sodium (‘high in’
products) to children and adolescents younger than 14 years
old(158). It includes television, radio, cinema, digital marketing,
print, outdoor media, packaging, point-of-sale, sponsorships,
marketing in school settings and marketing at public settings
(e.g. events). The policy bans the use of cartoon characters and
mascots that appeal to children, as well as movie tie-ins, child
figures, games, contests, references to children, toys, stickers and
other accessories in marketing of ‘high in’ products across all
media and packaging(151). Marketing of ‘high in’ products in
TV and cinema is only allowed between 22:00 and 06:00, only if
they are not targeted at children under 14 years old(158). The
consequences of these marketing restrictions on children’s
health are still being studied, but the results are expected to
improve children’s dietary intake.

Improving food labelling

Packaging has become an inexorable part of the modern food
environment and a key component of themarketing strategies of
food companies(159). Food packages are a source of information
which contribute to overcoming the information asymmetry
between producers and consumers(160). Food companies
include information about product identity, quantity and fresh-
ness, but also a wide range of visual and textual cues to attract
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consumers’ attention, shape product associations and influence
purchase decisions(159,161). Research has shown that packages
have an important effect on children’s diets by influencing both
the parents’ choice of food for their children and the foods
children actively choose or request(159).

Food packaging is the most important strategy marketers use
to target products at children, through the inclusion of cartoon
characters and other ‘fun’ visual and textual references on food
labels(132,133). These cues have been widely reported to attract
children’s attention and trigger requests of energy dense,
nutrient-poor foods at the point of purchase(162–164). For this
reason, banning packaging elements that attract children’s
attention for products with high levels of sugar, salt and fat,
associated with non-communicable diseases, has been regarded
as a top priority in policy making(133,165). So far, only two
countries worldwide, Chile and Mexico, have introduced
packaging regulations to ban the use of marketing strategies
aimed at attracting children’s attention on products high in
energy density, sodium, saturated fat and sugar(151).

Furthermore, packages frequently include a wide range of
health-related cues, such as regulated nutrition claims,
nutrition marketing claims and design features (e.g. colour,
pictures),(159,166,167). Such cues elicit health-related associa-
tions among children and parents, encouraging them to
choose products with cues over those without them(159,168).
According to Slaughter and Ting (2010), school-aged children
have a positive attitude towards products with nutrient claims,
even if they are not necessarily aware of the health benefits of
the specific nutrients(169). This effect has been associated to
the frequent inclusion of these claims on food packages and
marketing campaigns. Therefore, regulations are necessary to
ban the inclusion of health-related cues on the packages of
food products with an unfavourable nutritional composi-
tion(159,170). In this sense, new labelling regulations are
currently being discussed in the USA to increase transparency
and protect consumers from misleading claims(171).

Packages can also be used as a tool to facilitate the
identification of foods that contribute to a healthy diet(172). In
this sense, the inclusion of simple and graphical nutritional
labels on the front-of-packages (FOP) is gaining increasing
attention among policymakers worldwide to provide sum-
marised information about the nutritional composition of
products(173). Although a wide range of schemes has been
developed worldwide(174), research has shown that those
including interpretive aids are the most efficient in enabling
consumers to correctly judge the healthfulness of products
and differentiate healthy from less healthy products(175,176).
These interpretive FOP nutrition labelling schemes include
logos highlighting healthy products, warnings highlighting
products with high content of nutrients associated with non-
communicable diseases, and schemes providing an overall
score of product healthfulness based on both positive and
negative nutrients(173,174). Although a large body of research
has compared the efficacy of interpretive FOP nutrition
labelling schemes, results are inconclusive regarding which is
the best scheme to encourage healthier food choices(175,176).
However, several studies have shown that schemes high-
lighting unhealthy foods, such as the NutriScore and warning

labels, are more efficient than logos highlighting only healthy
foods (e.g. de Alcantara et al., 2020(177); Ducrot et al.,
2016(178); Talati et al., 2016(179)).

So far, only a limited number of countries worldwide have
implemented FOP nutrition labelling regulations and most of
them remain voluntary(173). Voluntary regulations have resulted
in poor uptake by the food industry, which implies that
consumers do have simplified nutritional information for most
of the products available in the marketplace(180). For this reason,
mandatory FOP nutrition labelling regulations are needed to
ensure consistent uptake and to enable consumers to make
informed decisions. Incidentally, most of the countries which
have mandatory regulations, have implemented nutritional
warning labels(173,174). This FOP nutrition labelling scheme has
been shown to be effective at improving consumer ability to
identify products with high content of nutrients associated with
non-communicable diseases and discouraging the selection of
products high in sugar, fat and/or sodium(181–185). This scheme
has been reported to reduce children’s positive emotional
associations with food labels and to discourage them from
choosing unhealthy products(186,187).

Food reformulation actions

Modern food environments are characterised by the wide
availability of products with high energy density and high
content of sugar, fat and sodium(188). This is the case for most
products targeted at children(133), which usually contain higher
sugar content than those targeted at the general popula-
tion(189,190). Thus, food reformulation has been identified as
one of the most cost-effective policies to create supportive food
environments that encourage healthier diets(191). Food reformu-
lation aims at improving the nutritional composition of products,
mainly by reducing the content of nutrients associated with non-
communicable diseases, i.e. free sugars, sodium, total fat,
saturated fat and trans-fat(192). Sometimes, substitutes or flavour
enhancers (e.g. spices) can be used to create products that
children and adolescents like. Reformulation can increase the
availability of healthy products in the marketplace, which may
lead to an improvement in the quality of the diet at the
population level even if consumers do not change their purchase
decisions(193–197). To generate meaningful changes in children
and adolescents’ nutrient intake, food reformulation pro-
grammes should be applied across most of the product
categories available in the marketplace.

A wide range of reformulation programmes have been
implemented worldwide, ranging from voluntary industry
commitments to mandatory governmental regulations(1,198).
Mandatory reformulation programmes have been reported to
have several advantages over voluntary initiatives, as they are
applicable to all manufacturers and typically have a larger impact
on the nutritional composition of the foods available and the
marketplace(199). Alternatively, governments can implement
responsive regulatory approaches, which typically start with
voluntary reformulation programmes that progress tomandatory
if the industry fails to achieve the targets(200). A successful
example of this approach is the salt reduction programme
implemented by the UK in 2003(201). In addition, the
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implementation of other policies, such as FOP nutrition labelling
or taxes, can encourage the food industry to reformulate their
products. This effect has been reported after the implementation
of warning labels(202) and in the UK after the implementation of a
sugar tax(203).

One of the main challenges for the implementation of these
actions is the belief that consumers would not accept the
reformulated products(204,205). To avoid such problems, gradual
reformulations have been recommended so that consumers do
not perceive any change(206). Once consumers are adapted to
the sensory characteristics of the reformulated product, a new
change in product composition is implemented(207). Although
gradual salt reduction has been successfully implemented,
progressive sugar reduction programmes have not been widely
extended worldwide(194,199). This may be explained by the fact
that while preference for saltiness depends on the intensity level
to which we are exposed and may be relatively easily changed
with exposure(208,209), this is not the case of sweetness. For
sweetness, the evidence of the impact of varying exposure on
subsequent generalised sweet taste preferences is equivocal
regarding the presence and possible direction of a relation(210).
However, it is worth stressing that experimental research has
shown that significant sugar reduction can be achieved without
affecting children’s hedonic perception, even if products are
perceived as less sweet(204,211).

The main advantage of gradual reformulation programmes is
that consumers develop preferences for products with lower
sweetness, saltiness and/or fattiness through repeated expo-
sure(25). This is particularly relevant for children, as early
experiences with food have a key role in food preferences
and choice later in life(212). Finally, it is worthmentioning that both
children and adults individually differ in their responsiveness to
basic tastes, and this contributes to their food preferences(213).
Reduction of levels of sugar/salt should consider this individual
diversity: for some (more taste responsive) children it could be
easier to like foods that are less sweet/salty, while for others, this
might be more difficult(37,214). This may open the path towards
more diversity in terms of reformulated products available in the
marketplace, with the possibility of integrating different strategies
to make them more effective especially with more responsive
children (that tend to dislike less sweet/salt foods). This would
allow to improve the acceptability of reformulated products.
However, how to communicate these diverse product sensory
experiences is still an open challenge.

Co-creation of healthy foods and meals with children

Researchers stress the need to further include children’s
perspectives in strategies to promote their healthy eating,
assuring that their needs and aspirations are met(20,122).
Furthermore, a wider involvement of children responds to
the Convention on the Rights of the Child (1989): ‘Every child
has the right to express their views, feelings and wishes in all
matters affecting them, and to have their views considered
and taken seriously’(215). Children’s ideas and perspectives
could not only inform the transition to healthier food systems
by including their views and ideas in product reformulation;
the reflection about healthy eating and the creative solutions

that participating children develop during the process might
be just as important in shaping a generation with agency and
capacity to make their own choices regarding their health and
well-being. However, children’s involvement is still scarce
as they are perceived as less competent to provide valid
insights and solutions due to, for example, cognitive and
language barriers. Children’s ideas would not necessarily
always be related to healthy food, but they can give product
developers indication of what aspects of foods they give more
importance to and enjoy(216). Also, the ethical perspective of
using children in co-creation can be challenging, instigating
questions about the ownership of the idea, particularly for
commercial applications, or if the benefit of being heard
outweigh the right to protection(217).

Recent studies aimed to change this deficit-based perspective
by involving children and adolescents as co-creators of food
policy strategies(218,219) and product innovation(220–222), acknowl-
edging their capacity for creativity and their right to shape their
own future food systems. The latter authors have suggested a
variety of participatorymethods suitable for children to co-create
healthy food. In the initial stages of product development,
creative and enabling methods were proposed to explore what
motivates children’s food choices and to develop healthier food
ideas(217,222). For later stages of the development process,
prototyping and sensory testing were used in an interactive,
iterative way, to formulate and optimise products adapting them
to children’s preferences(221). Co-creation can be extended to
other stages of the development process of new products or
meals, drawing onto the concept of design-thinking, for instance
working in direct collaboration with chefs(223). This could also be
used as an intervention in itself, with children reflecting on
healthy eating, enlarging their food repertoire and developing
agency and self-efficacy(217,224). Also, meaning can be co-
created(225); that is to say, the co-creation of what healthy and
pleasurable eating means for children could be an important
aspect in the promotion of healthy food and social marketing.
Today, creating and sharing food content is a part of young
people’s online activity shaping their social norms about eating
through peer influence(226). Therefore, digital media is an
interesting setting to generate solutions that align with peer
norms. While the harvesting of user content of existing digital
media platforms may pose concerns regarding data protection
rules, ‘social media-like’ online platforms can be established for
the purpose of co-creation initiatives where the access is limited
to the involved consenting group (Galler et al., 2022).

Modifying economic access to foods

Access to food that is safe and adequate for an active and healthy
life is a basic human right(227). However, major drivers of food
insecurity (e.g. wars, economic instability and climate change)
have intensified in recent years, leading to an increase in the
percentage of people affected by hunger(228). This stresses the
importance of implementing policies to secure economic
access to food, including immediate hunger relief programs,
such as cash transfers and food provision(229). In addition,
innovative and transformative policies are needed to address
the structural causes of food insecurity: such as low wages,
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adverse social and economic conditions, racial segregation,
and conflict(228,230).

Food prices and particularly the relationship between the
price of healthy and unhealthy foods have been identified as key
determinants of food choices, especially among people from low
socio-economic status(231) (Lee et al., 2013). For this reason,
policies aimed at introducing changes in food prices have gained
attention as part of the comprehensive set of strategies that
should be implemented to promote healthy diets(232).

Subsidies to healthy foods targeted at the most vulnerable
sectors of the population have been shown to be effective at
promoting the purchase of healthy foods, such as fruits and
vegetables(232,233). A decrease of 10% in the price of healthy
foods has been associated with a 12% increase in consump-
tion(232). Different alternatives for the implementation of specific
subsidies on healthy foods have been implemented, including
discounts on purchases at the point of sale, delivery of coupons
or vouchers, and refunds of money after purchase(234).

Taxes have been proposed to increase the price of unhealthy
foods and discourage their consumption(231). Sugar-sweetened
beverages are the main category where this type of policy has
been implemented worldwide. In 2020, more than 45 countries
and jurisdictions had health-related taxes in place to reduce
consumption of sugar-sweetened beverages and improve
population health outcomes(233). The most recent evidence
suggests that taxes on sugar-sweetened beverages are success-
fully associated with higher prices and a reduction in sales(233).

Public health guidelines and social marketing to promote
healthy eating

Public health organisations have formulated guidelines to offer a
global vision of children’s healthy eating based on scientific
insights. Nutritional guidelines are released by health authorities
and differ between countries; however, they are normally
disseminated to the population in the form of recommendations
(nested in health messages) by various means of communica-
tion: nutrition guides, official websites and campaigns on
traditional and social media. One of the problems in developing
a public health communication campaign is to respond to the
needs of the majority of the target population (e.g. parents or
children and adolescents). Some principles of social marketing
are applied when programming public health communication
strategies focussing on behavioural change(235). This approach
includes, for example, the prefixing of public health as well as
communication objectives and an audience analysis. The aim is
to identify segments for specific procedures, to design targeted
and effective messages and efficient strategies to deliver those,
leading to successful reception by the public(236).

Public health communication actions could have unintended
adverse effects, indirectly contributing to expand knowledge
and social gaps within the target population(237). When
communicating about health, an inclusive approach should be
used to reduce health disparities. At present, there are no
boundaries between evidence-based information and non-
validated information(238), paving the way for ‘fake news’ in all
domains, including nutrition. The use of the internet and other
technologies facilitates access to information, but also makes

it difficult to distinguish whether this can be trusted or not.
Reaching health equity by keeping high effectiveness of
campaigns or prevention interventions is a public health
dilemma(239,240); this implies providing services based on
scientific knowledge to all who could benefit, with the aim of
minimising disparities(241).

Despite the effort made by public health stakeholders, public
health actions often produce results that are socially differ-
entiated(237), with the most disadvantaged families often benefit-
ing less from communication campaigns(242). In this context, the
principle of proportionate universalism emerged in the last years
as a conceptual possible solution towards health equity(243,244).
This entails carrying out actions that are universal but propor-
tionate to the level of disadvantage of the different sub-groups of
the population(243), combining targeted and universal interven-
tions to make progress(245). Principles of proportionate
universalism have been recently adopted to community-based
interventions. For example, the French programme MALIN
promotes healthy feeding practices in young children from
financially disadvantaged families by building knowledge, skills
and culturally adapted individual support for parents regarding
optimal feeding practices, as well as bringing financial support
(https://www.programme-malin.com). The implementation of
these kinds of programmes broaches the framework of propor-
tionate universalism for public health actions(246).

Promoting healthy eating habits through attractive communi-
cation strategies is one way towards changes in dietary
behaviours, but it is not sufficient to make those changes last
over time.Normally campaignsdonot focus on intermediate goals
(such as increasing knowledge), as their scope is changing
individual motivations (and ultimately behaviours) rather than
raising awareness about a problem. In fact, it is unlikely that the
rising of awareness will immediately bring someone to act and
change behaviour regarding that issue(247). Nevertheless, it could
be hypothesised that an increase in knowledge (as an inter-
mediate outcome) could act as a proxy in changing behaviour. For
example, a recent study has shown that providing child-feeding
recommendations in paper format to parents can increase their
knowledge accuracy and certainty regarding feeding recommen-
dations(248). As parents who are aware of the recommendations
will not automatically align their feeding practices to what is
recommended(249,250), further investigation could clarify whether
the knowledge of the recommendations triggers self-efficacy and
could predict, ultimately, the adoption of optimal parental feeding
practices and/or children’s eating behaviours.

Employment of social marketing strategies offers the
potential for a positive change in healthy eating behaviour(251).
Social marketing should aim to promote healthy foods for
children by communicating with the social agents of different
levels involved in children’s consumer socialisation, such as
family meals and peers (Section 4). Family meals and events
where families can meet and eat together should be promoted
and supported by both local communities and policymakers
since shared family meals with the whole family have been
shown to increase children’s consumption of a variety of foods
including fruits and vegetables(99). Social marketing of healthy
eating could have more impact by advertising family meals
directly to the parents and children in different settings, for
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example, supermarkets, medical care centres and schools or via
social media channels. Peer influence can also be used, through
marketing healthy food items in the context of interaction with
friends, emphasising the shared experience, communication
and positive emotions while eating together(99). Furthermore,
including peers in healthy food advertising might prompt
social modelling and emulate healthy eating behaviour among
children. Thismay have a larger effect if used on the social media
channels that children use to connect and exchange information
with their peers(99). Social marketing of healthy eating and
healthy food should aim to make fruits, vegetables, and other
healthy foods widely available and convenient to consume for
children in the context of their daily activities at home, school or
in their free time, since availability of healthy foods is positively
associated with intake(252). As highlighted in Section 5·3, food
product packaging is important for children and has a significant
effect on their food preferences(149). Therefore, the packaging of
healthy food products should be appealing to children and aim
to draw their attention.

Discussion, recommendations and future perspectives

The objective of this review was to describe promising
approaches to foster healthy eating in children and adolescents.
The need to implement a comprehensive set of actions targeting
all the components of the food system was highlighted
throughout. Major transformations are needed to adopt a
child-centred approach to orient our current food system
towards healthy and sustainable diets for children about the
world, as highlighted by Hawkes et al. (2020)(253). Figure 2
summarises the proposed strategies that could be utilised for
the promotion of healthy diets, targeting the food supply, the
external food environments, socio-cultural and personal food
environments, as well as individual factors underlying food
behaviour in children and adolescents.

The reviewed transformations require the introduction
of regulations to ensure that food supply chains and the external
food environments are oriented towards the production and
commercialisation of foods compatible with children and
adolescents’ health and wellbeing(254). Policy options could be
many, focussing on the different aspects of the food system,
some discussed in this review like food processing, retailing and
demand (reformulation regulations, product advertising, label-
ling) or consumer purchasing power policies, including school
meals(255). However, implementing these policies has been
shown to be a difficult task. Governments worldwide have been
reported to be slow to introduce the systemic transformations
needed to meet children’s nutritional needs, as well as working
towards attaining the sustainable development goals(256).
Overcoming policy inertia requires strong political commitment
and the introduction of transformations in our current economic
systems(12,256). A big role is expected to be played by food
industries and services that can innovate their products andmeal
solutions taking advantage of the most updated findings in
sensory science. There is a continuous need to develop healthier
products that are also palatable, liked and sources of positive
emotional experience for children, overcoming in practice the
‘healthy = not tasty’ prejudice(257). Co-creation strategies that

involve and empower children may positively contribute to it.
Families should be supported to convert children’s personal
food environments into healthier and more sustainable contexts
to grow in. As such, enhancing food literacy in the whole family
is a must. These actions go much further than the parental role
within the family, as even though parents play a crucial role in
shaping children’s eating habits, they do not have full control of a
child’s food choices and consumption, particularly for children at
school age and above. While some of the actions proposed in
Fig. 2 can be applied by parents (e.g. multi-sensory exposure to
healthy foods), most of them require joint efforts from health
professionals, school staff, social marketers, the food industry
and policy makers acting in different environments.

Certain interventions that change the external food environ-
ment may lead children to pro-actively make healthier food
choices by tapping into their fast and automatic decision-
making processes, thus fostering healthy eating whilst
remaining unnoticed by the children (e.g. nudging, con-
ditioning). Alternatively, knowledge-based interventions aim
to promote dietary variety and healthy food consumption by
boosting sophisticated reasoning abilities in children. These
approaches should not be seen as competing or conflicting
but rather as genuinely complementary. Indeed, decision
making in the food domain embeds distinct mechanisms(258),
where some of them are automatic processes (e.g. attentional
capture, cross modal associations), while others are explicit
and deliberative (e.g. generalising health related properties).
Targeting all these mechanisms necessitates multiple approaches
tailored to children’s characteristics (e.g. age, level of food
neophobia). Apart from introducing systemic changes, a great
variety and heterogeneity of interventions can be implemented at
different levels to foster dietary variety in children through
facilitating their sensory experience and pleasure, increasing their
food literacy and enhancing their agency by empowering them to
make better food related decisions. These interventions can
trigger society-led changes in the food systems by making
children and adolescents active agents of change(12).

It is important to take into consideration individual
differences in children’s food-related perception and behaviour.
These individual factors vary widely, including sensory percep-
tion, preferences, cognitive development, knowledge acquis-
ition, as well as family composition, context and culture.
Therefore, not one strategy to promote healthy eating fits all
children and solutions should be adapted to specific populations
of children, even within the same age group and/or culture. This
is still a big gap of knowledge in the literature, which future
research should address. A wide body of research has unveiled
several strategies that positively influence healthy eating; a
remaining challenge is how to adapt and combine them to
optimise their effect, while personalising the interventions.
Adapting the described approaches considering inter-individual
differences is one of the critical conditions for tackling the
challenge of healthy eating in children. Indeed, multilevel,
personalised programmes (i.e. interventions adapted to the
individual characteristics of the child), simultaneously involving
various components of the food systems, represent a research
avenue worth following for bringing down the barriers to
children’s healthy eating.
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From a research perspective, we should keep monitoring,
evaluating and increasing research in the field of children’s
healthy eating. Systematic data collection should be improved,
research findings need to be disseminated and turned into
innovative actions, taking account of the importance of
behavioural research. Knowledge exchange within all the
involved areas of scientific knowledge is key, as well as effective
and joint communication with the food industry, political and
health systems. Furthermore, multidisciplinary approaches are at
this stage not enough, rather, a systems approach, with a true
holistic view, is a must. Acknowledging children as unique
individuals, with their interpersonal interactions, physical and
social environments is needed, as well as their situation in their
cultural, economic and political environments at macro level. All
actions should ideally aim to enable children and adolescents to
be active participants within the food systems (in the social
environment, in the family, as a peer, as a co-developer of
products, etc.), because only by increasing their literacy, agency
and acknowledging their individuality can we support the
transition to healthier dietary behaviours that are to be sustained
throughout life, impacting the health of the greater society.

Limitations

A limitation inherent to narrative reviews, as opposed to
systematic ones, is that it is possible that important articles or
perspectives are not captured. Being that the presentwork based
on several perspectives discussed among researchers of different

areas, it emphasises some of the main factors that the research
group deemed as the most important at the time of the review.

Another important limitation of the present review is that it
focusses mostly on research conducted in western high-income
countries. The limited evidence on food behaviours outside
Western, Educated, Industrialised, Rich and Democratic soci-
eties is a general gap in the current literature(259). Although much
of the knowledge in the science of food sensitivity and
perception draws upon human subject neurobiology (compris-
ing principles intrinsic to human subject physiology, indepen-
dent of socio-cultural factors), there is a strong cultural
component in food preferences and behaviours, and care
should be taken with the generalisation of the current findings to
children outside Western, Educated, Industrialised, Rich and
Democratic societies. An interesting resource recently devel-
oped by UNICEF using lived experiences of different children is
a first step in that direction(260). This is particularly important as
healthy eating and a healthy diet are highly context specific, and
healthy diets should be contextually appropriate as well as
sustainable and affordable(21). More research is needed with
children from diverse cultures, especially from a pragmatic
instance and the proposal of strategies for change.
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